Rheumatology key messagesPost-IIM births were significantly associated with caesarean section, preterm birth and low birth weight.Higher frequencies of caesarean section and instrumental delivery were observed in 1--3 years pre-IIM births.Findings highlighted the importance of multidisciplinary maternal care for women with IIM.

Introduction
============

Idiopathic inflammatory myopathy (IIM) is a rare rheumatic disease characterized mainly by muscular inflammation and weakness \[[@kez666-B1]\]. Women with IIM, especially with active DM and PM during pregnancy, have been considered as a high-risk population, due to reported pregnancy complications \[[@kez666-B2]\]. Recent studies also report associations between IIM and pregnancy-related hypertension, antepartum haemorrhage, caesarean section and preterm birth. Data are conflicting though, and have not been reproduced using population-based design \[[@kez666-B7]\].

Risk of adverse pregnancy outcomes may not be limited to patients already diagnosed with rheumatic diseases. Existing research suggests that pregnancies antedating diagnosis of RA, SLE, primary Sjögren's syndrome or progressive systemic sclerosis are also at greater risk of adverse pregnancy outcomes such as stillbirth, spontaneous abortion, preeclampsia, caesarean section, preterm birth, low birth weight (LBW) and small for gestational age (SGA) \[[@kez666-B10]\]. However, it is unknown if adverse pregnancy outcomes can precede a diagnosis of IIM as births that occurred in women before IIM diagnosis often have been used as a reference group in previous studies. Given that autoantibodies associated with IIM can present years preceding the diagnosis of the disease \[[@kez666-B15], [@kez666-B16]\] and anti-Jo-1 is potentially associated with pregnancy complications \[[@kez666-B4]\], we can speculate that women with subclinical or preclinical IIM may also be at higher risk of unfavourable pregnancy outcomes compared with women from the general population. In this study we therefore set out to determine the associations between IIM and a number of adverse pregnancy outcomes in births that occurred before and after IIM diagnosis.

Methods
=======

Data sources
------------

Healthcare in Sweden is mainly tax-funded and is universal to all individuals registered in Sweden \[[@kez666-B17]\]. The Swedish National Patient Register (NPR) has collected information on all inpatient visits at public hospitals since 1987 and also holds nationwide data on outpatient non-primary care since 2001. The overall performance of the NPR has been validated, with a coverage that ranges from 85% to 95%, depending on the studied diseases \[[@kez666-B18]\]. The Total Population Register (TPR) founded in 1968 has qualified data on nearly 100% of births and deaths in Sweden and is often used to randomly sample comparators in epidemiological research \[[@kez666-B19]\]. The Medical Birth Register (MBR) covers \>98% of births in Sweden (≥ gestational week 28 before July 2008 or ≥ gestational week 22 since July 2008) from 1973 and collects comprehensive information on mothers and newborns during pregnancy, delivery and neonatal period \[[@kez666-B20]\]. Data on demographic characteristics, reproductive issues and major medical complications before pregnancy are reported by women in interviews performed by midwives. Information on smoking history at the first antenatal visit is available from 1982 whereas height and early pregnancy weight were introduced in 1992. Stillbirths with at least 28 or 22 gestational weeks are also recorded in the MBR.

Study population
----------------

The NPR was used to identify all women with incident IIM between 1998 and 2016. For 2001--2016, incident IIM was defined as a woman with a first and at least one subsequent visit indicating IIM within 1--12 months after the first visit. A previous validation study shows that this algorithm has a positive predictive value up to 94% and a sensitivity up to 96% \[[@kez666-B21]\]. Between 1998 and 2000, all women who were discharged after an IIM indication from inpatient care were also included and no follow-up visit was required as only data on inpatient care were available during that time period. We only considered the International Classification of Diseases, Tenth Revision (ICD-10) codes M33.0, M33.1, M33.2 and M33.9 from internal medicine, rheumatology, dermatology, neurology or paediatrics clinics. Each woman with IIM was matched to up to five women randomly selected from the TPR at the time of diagnosis by birth year and residential area of the patient. Women unexposed to IIM had to be alive and living in Sweden at the time of matching. All singleton births of the women with IIM and the women unexposed to IIM occurring between 1973 and 2016 were ascertained from the MBR. Women who had no birth records in the MBR were excluded, and thereafter the matching was broken.

Births in relation to time of IIM diagnosis
-------------------------------------------

The course of IIM development is generally over years and its impact on mothers and offspring may vary along with the development. We therefore classified all births in women with IIM according to when a birth took place in relation to the time of IIM diagnosis in the mothers, and also to the interval between birth and an IIM diagnosis if a birth occurred before IIM diagnosis: (i) births that occurred in women after, or up to a year before, IIM diagnosis (since the lag-time from the first symptom until diagnosis could be up to a year \[[@kez666-B22]\]); (ii) births that occurred in women within 1--3 years before IIM diagnosis; and (iii) births that occurred in women \>3 years before IIM diagnosis (since IIM-related autoantibodies can occur ∼3--10 years prior to diagnosis of autoimmune disease \[[@kez666-B15], [@kez666-B16]\]). We hereafter use post-IIM to represent group (i) and pre-IIM to represent groups (ii) and (iii).

Outcomes and covariates
-----------------------

Maternal outcomes included hypertensive diseases during pregnancy (preeclampsia, eclampsia or gestational hypertension), caesarean section (elective or acute), instrumental delivery (use of forceps or vacuum extractor) and labour induction. Neonatal outcomes were preterm birth \[\<37 weeks of gestation, which was further classified into moderate preterm birth (32--37 weeks) and very preterm birth (\<32 weeks)\], LBW (\<2500 g), SGA (\<10th percentile), small head circumference (≤31.5 cm), low 5-min Apgar score (\<7), congenital malformations at birth and diagnosed within 1 year after birth, neonatal infections at birth, severe paediatric infections that required hospitalization within 1 and 5 years of age, and stillbirth. LBW, SGA and small head circumference were studied as measures of intrauterine growth restriction. Outcomes assessed after birth were identified in the NPR. Maternal characteristics including age at IIM diagnosis (years), birth year (years), country of birth (Nordic or outside Nordic countries), residence (Southern Sweden or Northern Sweden), parity (first birth or not), age at delivery (years), self-reported smoking history (smoker or non-smoker) and BMI (≤18.5, 18.5--25, 25--30, \>30 kg/m^2^) were described. Further, other rheumatic diagnoses before IIM, i.e. RA, SLE or other overlap syndromes in systemic connective tissues diseases, at least one visit of either disease, were identified from the NPR among women of post-IIM births and non-IIM comparators. ICD10 codes are listed in [Supplementary Table S1](#sup1){ref-type="supplementary-material"}, available at *Rheumatology* online.

Statistical analyses
--------------------

Maternal characteristics were compared in strata comprising post-IIM births and pre-IIM births with their corresponding matched non-IIM comparators. Medians with interquartile range (IQR) are presented for continuous variables and frequencies with proportions are shown for categorical variables. Data on smoking history and BMI are not presented for pre-IIM births and their non-IIM comparators as a large proportion of them (36% or 67%) occurred before 1982 or 1992 and therefore lacked this information. Significant statistical differences were tested with the χ^2^ test, Mann--Whitney *U* test or Kruskal--Wallis test, depending on the type of variable and the number of comparative groups.

Among post-IIM births, a log-linear model with binomial distribution, an exchangeable covariance matrix and robust sandwich estimator was used to compute the unadjusted relative risks (RRs) for adverse pregnancy outcomes \[[@kez666-B23]\]. Correlations among births from the same mother were controlled by clustering analysis. To avoid a convergence problem when doing adjustments in analyses with small sample sizes, the adjusted RRs (aRRs) were estimated by fitting a marginal structural binomial regression model with robust variance and an exchangeable covariance matrix \[[@kez666-B24]\]. Inverse probability weights were calculated in a logistic regression model including IIM as the response variable and maternal age at delivery, delivery year, parity (number of children), residence, BMI and smoking as the independent variables. Multiple imputation with five iterations was used to deal with missingness of BMI and smoking, and data were imputed for each outcome. Covariates included in the imputed models were the studied outcome, maternal age at delivery, delivery year, parity (number of children), BMI, smoking, maternal height in centimetres, country of birth, family situation (living with partner or not), education level (≤9 years, 10--12 years, \>12 years) and other rheumatic diagnoses before IIM \[[@kez666-B25]\]. Information on family situation and education level was ascertained from the MBR and the Swedish Education Register, respectively. Summarized parameter estimates of five sets of imputed data were analysed with the MIANALYZE procedure in SAS, version 9.4 (SAS Institute, Cary, NC, USA). Stillbirths were excluded in the models of outcomes assessed after birth such as congenital malformations within 1 year after birth, severe infant (within 1 year) and paediatric (within 5 years) infections after birth. Furthermore, three additional analyses were performed to examine (i) the impact of other rheumatic diseases before diagnosis of IIM by excluding these conditions from post-IIM births, (ii) the differences in risk estimates between post-IIM births in women identified from the inpatient register and in women identified from the outpatient register, and (iii) the differences in adverse pregnancy outcomes between births that occurred in women within a year before to 3 years after IIM diagnosis (≤3 years post-IIM births) and in births that occurred in women \>3 years after IIM diagnosis (\>3 years post-IIM births). Only outcomes with ≥5 events in both comparative groups in the main analyses were studied in the additional analyses.

Logistic regression was used to estimate the odds ratios (ORs) of outcomes among births that occurred in women within 1--3 years and \>3 years before IIM diagnosis taking non-IIM comparators as the reference group. The controlled variables were the same as the model for post-IIM births, but smoking and BMI were not adjusted for due to lack of information. Moreover, outcomes assessed after birth were not studied for pre-IIM births since most of births took place before the NPR became nationwide.

For outcomes with \<5 events, only frequencies with proportions were presented. For labour induction, the analyses only included births that occurred in 1990 and onwards. This study was approved by the regional ethics board (2017/2000-31).

Results
=======

During the study period, we identified 985 women with IIM; 421 (42.74%) of them had history of singleton births, compared with 2099 (42.99%) out of 4883 women unexposed to IIM ([Fig. 1](#kez666-F1){ref-type="fig"}). In total, these women had 4902 singleton births (IIM, *n* = 801, and non-IIM, *n* = 4101) registered in the MBR. Of the 801 births in women with IIM, 68 were post-IIM and 736 were pre-IIM, corresponding to 236 and 3865 non-IIM comparators, respectively. The median (IQR) age at IIM diagnosis and disease duration at delivery of post-IIM births was 28 (15--29) years and 4.43 (1.69--9.48) years, respectively. [Table 1](#kez666-T1){ref-type="table"} presents the maternal characteristics of births after and before IIM diagnosis and for the non-IIM comparators. Women who delivered after IIM diagnosis were born in more recent years \[1981 (IQR 1975--1988) *vs* 1975 (IQR 1972--1981), *P* \< 0.001\], and had higher prevalence of other rheumatic diagnoses (20.59% *vs* 0%, *P* \< 0.001). They were also less likely to smoke (4.41% *vs* 9.50%, *P* = 0.17) and were more likely to be overweight (30 ≥ BMI \> 25, 23.53% *vs* 19.42%, *P* = 0.63) compared with non-IIM comparators although this did not reach statistical significance. Among pre-IIM births, the closer the IIM diagnosis was after delivery, the later the mother was born and the older the mother was at delivery. For other characteristics, no significant differences were found between post-IIM and pre-IIM births and their matched non-IIM comparators.

![Flow chart of the study population\
Linkage to the Swedish Medical Birth Register for birth history in women with IIM identified from the National Patient Register and women unexposed to IIM randomly sampled from the Total Population Register. ^a^A hospitalization indicating incident IIM. ^b^Diagnosis of incident IIM with at least one follow-up visit within 1--12 months after the first IIM indication. ^c^Administrative error; comparators were kept in the study. IIM: idiopathic inflammatory myopathies.](kez666f1){#kez666-F1}

###### 

Maternal characteristics of births in women that occurred after and before IIM diagnosis

  Variable                                                                                After IIM diagnosis   Before IIM diagnosis                                                                         
  --------------------------------------------------------------------------------------- --------------------- ---------------------- --------- ------------------- ------------------- ------------------- ---------
  Age at diagnosis, median (IQR), years                                                   28 (15--29)           ---                    ---       33 (29--36)         52 (46--60)         ---                 ---
  Maternal birth year, median (IQR)                                                       1981 (1975--1988)     1975 (1972--1981)      \<0.001   1974 (1970--1977)   1955 (1950--1963)   1956 (1951--1965)   \<0.001
  Maternal country of birth, Nordic, *n* (%)                                              59 (86.76)            209 (86.36)            0.93      18 (78.26)          639 (90.00)         3524 (91.32)        0.15
  Maternal country of birth missing                                                       0                     0                      ---       0                   2 (0.28)            14 (0.36)           0.91
  Living in Southern Sweden, *n* (%)                                                      61 (89.71)            230 (95.04)            0.11      21 (91.30)          614 (86.48)         3260 (84.48)        0.27
  Other rheumatic diagnoses[^c^](#tblfn3){ref-type="table-fn"}, *n* (%)                   14 (20.59)            0                      \<0.001   ---                 ---                 ---                 ---
  First births, *n* (%)                                                                   28 (41.18)            116 (47.93)            0.32      10 (43.48)          279 (39.30)         1489 (38.59)        0.84
  Age at delivery, median (IQR), years                                                    30 (25--34)           28 (25--32)            0.27      31 (26--33)         28 (25--32)         29 (25--33)         \<0.001
  Smoking in early pregnancy[^d^](#tblfn4){ref-type="table-fn"}, *n* (%)                                                                                                                                     
   Smoker                                                                                 3 (4.41)              23 (9.50)              0.17      ---                 ---                 ---                 ---
   Non-smoker                                                                             62 (91.18)            206 (85.12)                      ---                 ---                 ---                 ---
   Smoking missing                                                                        3 (4.41)              13 (5.37)              0.75      ---                 ---                 ---                 ---
  Maternal BMI in early pregnancy[^d^](#tblfn4){ref-type="table-fn"}, kg/cm^2^, *n* (%)                                                                                                                      
   ≤18.5                                                                                  1 (1.47)              2 (0.83)               0.63      ---                 ---                 ---                 ---
   18.5--25                                                                               40 (58.82)            138 (57.02)                      ---                 ---                 ---                 ---
   25--30                                                                                 16 (23.53)            47 (19.42)                       ---                 ---                 ---                 ---
   \>30                                                                                   6 (8.82)              21 (8.68)                        ---                 ---                 ---                 ---
  Maternal BMI missing                                                                    5 (7.35)              34 (14.05)             0.14      ---                 ---                 ---                 ---

Comparing post-IIM deliveries to their comparators; *P* from χ^2^ test for categorical variable and Mann--Whitney *U* test for continuous variable.

Comparing pre-IIM deliveries in relation to time of IIM diagnosis to their comparators; *P* from χ^2^ test for categorical variable and Kruskal--Wallis test for continuous variable.

Including (at least one visit in the National Patient Register) RA (18.85% in post-IIM births), SLE (3.08% in post-IIM births) and other overlap syndromes in systemic connective tissues diseases (12.31% in post-IIM births).

Information on smoking and BMI was available in 1982 and onwards. IIM: idiopathic inflammatory myopathies; IQR: interquartile range.

[Table 2](#kez666-T2){ref-type="table"} shows the RRs of adverse pregnancy outcomes in births that occurred in women after IIM diagnosis compared with non-IIM comparators. Post-IIM births were at significantly higher risk of caesarean section (aRR = 1.98; 95% CI: 1.08, 3.64), preterm birth (aRR = 3.35; 95% CI: 1.28, 8.73) and LBW (aRR = 5.69; 95% CI: 1.84, 17.55). Moreover, very preterm birth (5.88% *vs* 0.83%, *P* = 0.01) and moderate preterm birth (8.82% *vs* 4.55%, *P* = 0.17) were more common in post-IIM births compared with non-IIM comparators. There were no differences between post-IIM births and the non-IIM comparators in risks of instrumental delivery, labour induction, or infant and paediatric infections. Due to few outcomes we were not able to assess RRs of preeclampsia, small head circumference, low 5-min Apgar score, congenital malformations, neonatal infections at birth and stillbirth in post-IIM births. In the analyses including post-IIM births that were unaffected by other rheumatic diagnoses *vs* their non-IIM comparators, stronger associations were detected for caesarean section (aRR = 2.13; 95% CI: 1.17, 3.90), preterm birth (aRR = 4.27; 95% CI: 1.75, 10.41) and LBW (aRR = 7.31; 95% CI: 2.55, 20.93) than those found in the main analyses ([Supplementary Table S2](#sup1){ref-type="supplementary-material"}, available at *Rheumatology* online). We observed no significant differences in risk estimates for births of women with IIM retrieved from the inpatient register *vs* the outpatient register ([Supplementary Tables S3 and S4](#sup1){ref-type="supplementary-material"}, available at *Rheumatology* online). For the occurrences of adverse pregnancy outcomes regarding time of delivery after IIM diagnosis, a higher proportion of caesarean section (34.48% *vs* 15.38%) was observed in ≤3 years post-IIM births than in \>3 years post-IIM births, where severe infant (3.45% *vs* 12.82%) and paediatric (6.90% *vs* 17.95%) infections were more likely to occur ([Supplementary Table S5](#sup1){ref-type="supplementary-material"}, available at *Rheumatology* online).

###### 

The RRs of adverse pregnancy outcomes in post-IIM births

  Outcome                                                                                       Post-IIM, *n* (%)   Non-IIM, *n* (%)   Unadjusted RR (95% CI)   Adjusted RR (95% CI)[^a^](#tblfn5){ref-type="table-fn"}
  --------------------------------------------------------------------------------------------- ------------------- ------------------ ------------------------ ---------------------------------------------------------
  Hypertensive diseases during pregnancy                                                        2 (2.94)            11 (4.55)          ---                      ---
  Caesarean section                                                                             16 (23.53)          43 (17.77)         1.42 (0.79, 2.58)        1.98 (1.08, 3.64)
  Instrumental delivery                                                                         5 (7.35)            14 (5.79)          1.24 (0.47, 3.25)        1.12 (0.39, 3.18)
  Labour induction[^b^](#tblfn6){ref-type="table-fn"}                                           7 (10.29)           34 (14.47)         0.80 (0.36, 1.74)        0.63 (0.27, 1.46)
  Preterm birth                                                                                 10 (14.71)          13 (5.37)          2.67 (1.12, 6.33)        3.35 (1.28, 8.73)
  Low birth weight[^c^](#tblfn7){ref-type="table-fn"}                                           8 (11.76)           6 (2.49)           4.73 (1.68, 13.31)       5.69 (1.84, 17.55)
  Small for gestational age[^c^](#tblfn7){ref-type="table-fn"}                                  7 (10.29)           20 (8.30)          1.07 (0.43, 2.68)        0.90 (0.35, 2.33)
  Small head circumference[^d^](#tblfn8){ref-type="table-fn"}                                   3 (4.69)            9 (3.88)           ---                      ---
  Low 5-min Apgar score^e^                                                                      ---                 3 (1.25)           ---                      ---
  Stillbirth                                                                                    ---                 1 (0.41)           ---                      ---
  Congenital malformations at birth                                                             ---                 5 (2.07)           ---                      ---
  Congenital malformations within 1 year after birth[^f^](#tblfn10){ref-type="table-fn"}        1 (1.47)            9 (3.77)           ---                      ---
  Neonatal infections at birth                                                                  ---                 ---                ---                      ---
  Severe infant infections within 1 year after birth[^f^](#tblfn10){ref-type="table-fn"}        6 (8.82)            16 (6.69)          1.35 (0.54, 3.37)        1.32 (0.40, 4.32)
  Severe paediatric infections within 5 years after birth[^f^](#tblfn10){ref-type="table-fn"}   9 (13.24)           21 (8.79)          1.36 (0.56, 3.30)        1.28 (0.46, 3.58)

Adjusted for residential area (Southern Sweden or Northern Sweden), maternal age at delivery, parity, delivery year, smoking (smoker or non-smoker) and BMI (≤18.5, 18.5--25, 25--30, \>30).

Analysis including 68 post-IIM births and 235 births in non-IIM comparators that occurred in 1990 and onwards.

The percentages of missing low birth weight and small for gestational age for the non-IIM comparators were 0.41%.

The percentages of missing small head circumference for post-IIM births and the non-IIM comparators were 5.88% and 4.13%, respectively.

The percentages of missing low 5-min Apgar score for post-IIM births and the non-IIM comparators were 1.47% and 0.83%, respectively.

The percentages of missing congenital malformation within 1 year after birth, severe infant infections within 1 year after birth and severe paediatric infections within 5 years after birth for the non-IIM comparators were 1.24%. IIM: idiopathic inflammatory myopathy; RR: relative risk.

Compared with non-IIM comparators, births that occurred in women within 1--3 years before IIM diagnosis had higher frequencies of caesarean section (17.39% *vs* 11.17%) and instrumental delivery (17.39% *vs* 5.96%) although without significant differences ([Table 3](#kez666-T3){ref-type="table"}). There was one stillbirth in pre-IIM births that occurred within 1--3 years before IIM diagnosis, resulting in a proportion of 4.35% *vs* 0.41% of the non-IIM comparators. In pre-IIM births that occurred \>3 years before IIM diagnosis, significant increased odds of caesarean section \[adjusted OR (aOR) = 1.32; 95% CI 1.03--1.68\], labour induction (aOR = 1.59; 95% CI: 1.04, 2.43), LBW (aOR = 1.66; 95% CI: 1.14, 2.41) and SGA (aOR = 1.55; 95% CI: 1.25--1.93) were found.

###### 

The aORs of adverse pregnancy outcomes in pre-IIM births

  Outcome                                                         1--3 years pre-IIM (*n* = 23)    \>3 years pre-IIM (*n* = 710)  Non-IIM comparators (*n* = 3859)                       
  --------------------------------------------------------------- ------------------------------- ------------------------------- ---------------------------------- ------------------- -------------
  Hypertensive diseases during pregnancy                          ---                                           ---               20 (2.82)                          1.60 (0.97, 2.66)   81 (2.10)
  Caesarean section                                               4 (17.39)                                     ---               92 (12.96)                         1.32 (1.03, 1.68)   431 (11.17)
  Instrumental delivery                                           4 (17.39)                                     ---               45 (6.34)                          1.10 (0.78, 1.54)   230 (5.96)
  Labour induction[^b^](#tblfn12){ref-type="table-fn"}            2 (8.70)                                      ---               31 (12.55)                         1.59 (1.04, 2.43)   149 (9.78)
  Preterm birth[^c^](#tblfn13){ref-type="table-fn"}               1 (4.35)                                      ---               38 (5.37)                          1.13 (0.79, 1.62)   188 (4.88)
  Low birth weight[^d^](#tblfn14){ref-type="table-fn"}            1 (4.35)                                      ---               38 (5.37)                          1.66 (1.14, 2.41)   127 (3.30)
  Small for gestational age[^e^](#tblfn15){ref-type="table-fn"}   3 (13.04)                                     ---               129 (18.27)                        1.55 (1.25, 1.93)   467 (12.15)
  Small head circumference[^f^](#tblfn16){ref-type="table-fn"}    1 (4.35)                                      ---               26 (3.77)                          1.31 (0.85, 2.04)   105 (2.81)
  Low 5-min Apgar score[^g^](#tblfn17){ref-type="table-fn"}       ---                                           ---               5 (0.79)                           0.74 (0.29-1.89)    36 (1.03)
  Stillbirth                                                      1 (4.35)                                      ---               5 (0.70)                           1.64 (0.60, 4.50)   16 (0.41)
  Congenital malformation at birth                                ---                                           ---               14 (1.97)                          0.85 (0.48, 1.51)   83 (2.15)
  Neonatal infections at birth                                    ---                                           ---               7 (0.99)                           0.69 (0.31, 1.54)   51 (1.32)

Adjusted for residential area (Southern Sweden or Northern Sweden), maternal age at delivery, parity and delivery year.

Analysis including 270 pre-IIM births and 1523 births in non-IIM comparators that occurred in 1990 and onwards.

The percentages of missing preterm birth for \>3 years pre-IIM births and the non-IIM comparators were 0.28% and 0.23%, respectively.

The percentages of missing low birth weight for \>3 years pre-IIM births and the non-IIM comparators were 0.28% and 0.18%, respectively.

The percentages of missing small for gestational age for \>3 years pre-IIM births and the non-IIM comparators were 0.56% and 0.41%, respectively.

The percentages of missing small head circumference for \>3 years pre-IIM births and the non-IIM comparators were 2.96% and 3.06%, respectively.

The percentages of missing low 5-min Apgar score for 8 months to 3 years pre-IIM births, \>3 years pre-IIM births and the non-IIM comparators were 4.35%, 11.27% and 9.59%, respectively. aOR: adjusted odds ratio; IIM: idiopathic inflammatory myopathies.

Discussion
==========

In this population-based study, births that occurred in women after IIM diagnosis had an about 3-fold risk of preterm birth (very preterm birth in particular) and a 6-fold risk of LBW, as well as a doubled risk of caesarean section, compared with non-IIM comparators. There were also increased frequencies of certain adverse pregnancy outcomes including caesarean section and instrumental delivery in births that occurred in women within 1--3 years before IIM diagnosis.

Preterm birth, caesarean section and intrauterine growth restriction are the major adverse pregnancy outcomes previously reported in births to women with an IIM diagnosis \[[@kez666-B26]\]. An Australian study including 17 births in 13 women with DM/PM found a 5-fold risk (aRR = 5.48; 95% CI: 2.46, 12.2) of preterm birth and a 3-fold risk of caesarean section (aRR = 3.12; 95% CI: 2.46, 3.96) in women with DM/PM compared with women from the general population \[[@kez666-B7]\]. Yet, the risks might be overestimated as the study required hospitalization for IIM, which might lead to selection of women with high disease activity/severity in that study. In several small scale clinic-based studies and in a review, higher risk of preterm birth was associated with active disease status \[[@kez666-B2], [@kez666-B4], [@kez666-B5], [@kez666-B27]\]. We identified women with IIM from both inpatient and outpatient clinics, and therefore disease activity may have varied from mild to severe, which might explain the difference between our findings and the Australian study although our study did not find any different risk estimates among births to women with IIM identified from the inpatient *vs* the outpatient register. Besides, Kolstad *et al.* recently found that the risk of early preterm birth (7.9% *vs* 1.0%, aRR = 10.0; 95% CI: 3.2, 31.1) was particularly high in 38 births of women with DM/PM compared with controls \[[@kez666-B9]\], which is in line with our findings. Two previous studies including women with IIM prior to pregnancy also observed lower mean birth weight among cases with active IIM compared with cases with inactive IIM \[[@kez666-B4], [@kez666-B28]\].

To our knowledge, risk of adverse pregnancy outcomes in births that occurred in women before IIM diagnosis remains unexplored and this group often acts as a negative control in non-population-based studies. In our study, women who gave birth within 1--3 years before IIM diagnosis were more likely to have caesarean section and instrumental delivery than women of non-IIM comparators, although cases were too few to make any inferences. An American study analysing births that occurred before or after IIM diagnosis together found a modestly higher proportion of caesarean section in these births *vs* controls (26% *vs* 22.5%) \[[@kez666-B8]\]. However, since births that occurred before or after IIM diagnosis were analysed together, the risk of caesarean section before IIM diagnosis could not be differentiated from that of after IIM diagnosis. Pinal-Fernandez *et al.* reported that the frequencies of caesarean section was 6% in women who delivered before IIM onset *vs* 18.2% in women who delivered after IIM onset, and no clear implication in risk of caesarean section before IIM diagnosis could be made since there was a lack of negative controls \[[@kez666-B29]\]. Although there has been little discussion about pre-IIM births and adverse pregnancy outcomes, it is interesting to compare our findings with that presented in a Swedish study in which deliveries that occurred in women within 2--5 years before SLE diagnosis were more likely to have maternal and birth complications including caesarean section and SGA than controls \[[@kez666-B12]\]. Moreover, our findings generally corroborated the comment of a review article concluding that pregnancies with symptoms of rheumatic disease that did not fulfil the criteria for a definite diagnosis had lower risk of pregnancy complications than women who were already diagnosed with rheumatic diseases but higher than in healthy controls \[[@kez666-B14]\].

Significant higher odds of SGA, as well as caesarean section, labour induction and LBW, were only detected in births that occurred \>3 years before IIM diagnosis after adjusting for potential confounders such as maternal age and delivery year. However, given that the majority of births occurred \>10 years before IIM diagnosis, these results need to be interpreted with caution. Other factors irrelevant to IIM such as unmeasured confounders or calendar period effects might also affect the associations.

Little is currently known about the biological basis of the association between IIM and adverse pregnancy outcomes. A systemic review of 78 pregnancies among 59 women with DM/PM/juvenile IIM found that active disease status and disease onset in early pregnancy were particularly associated with pregnancy complications \[[@kez666-B26]\]. Other characteristics such as presence of anti-synthetase antibodies, massive perivillous fibrin deposition and elevated level of creatine kinase have also been reported \[[@kez666-B3], [@kez666-B4], [@kez666-B26], [@kez666-B30], [@kez666-B31]\]. This information could probably fit the generally proposed mechanism in other relevant studies where endothelial dysfunction due to impaired autoimmunity may lead to abnormal placentation and eventually result in adverse pregnancy outcomes \[[@kez666-B8], [@kez666-B13], [@kez666-B14], [@kez666-B32]\]. This suggested pathogenesis may also explain the higher frequencies of adverse pregnancy outcomes among pre-IIM births that occurred close to IIM diagnosis given that autoimmune impact on pregnancy may precede a definite diagnosis \[[@kez666-B15], [@kez666-B16]\]. According to the frequency analysis of adverse pregnancy outcomes between two groups of post-IIM births, disease duration of IIM appeared to have an impact on caesarean section and severe offspring infections. However, this finding should be interpreted with caution given that it was based on few cases and without consideration of other factors like maternal age, autoimmunity in pregnancy and treatment effect.

This study has several strengths. First it is to our knowledge the largest population-based study investigating the association between IIM and adverse pregnancy outcomes. Moreover, comprehensive data on maternal characteristics were prospectively collected in the MBR, thereby minimizing recall bias and enabling adjustment of numerous important confounders. By using nationwide data and a validated algorithm to identify women with IIM, the results of our study also have high generalizability. Further the classification of pre-IIM births made it possible to examine if the risks of adverse pregnancy outcomes varied in relation to time of IIM diagnosis.

As for study limitations, the present study included only a small number of births that occurred in women after IIM diagnosis, precluding us from analysing some relevant maternal and neonatal outcomes, such as preeclampsia and low 5-min Apgar score. Secondly, some potential confounders such as chronic hypertension and pre-existing diabetes were not adjusted for in the analyses since information on these factors in the MBR was poorly reported \[[@kez666-B20]\]. Moreover, neonatal diagnoses might have lower ascertainment than other outcomes due to less complete reporting of neonatal diagnoses for infants referred to a neonatal ward \[[@kez666-B20]\]. This might affect the proportions of outcomes presented in our study, but it had little impact on the risk estimation as the proportions of missing outcomes presumably were similar in the IIM and in the non-IIM births. Thirdly, this is a register-based study and therefore we lacked information on clinical presentation of IIM-like disease activity and autoantibody profile, which is particularly important when we want to examine the pathology of pregnancy risk in women with IIM. Moreover, we also lacked information on treatments targeting IIM, which precluded us from studying the treatment effect on pregnancy outcomes. Yet, these factors are less likely to affect the overall interpretation in our study as they would only moderate the associations between post-IIM births and adverse pregnancy outcomes. Lastly, in order to increase statistical power, we did not exclude women with other rheumatic diagnoses before IIM from the regression analyses of post-IIM births. However, sensitivity analyses excluding births in women with other rheumatic diagnoses before IIM showed even stronger associations of IIM with caesarean section, preterm birth and LBW.

In summary, we found that births in women diagnosed with IIM were associated with increased risks of caesarean section, preterm birth and LBW compared with births in women of the general population. These findings further emphasize the importance of multidisciplinary maternal care for women with IIM. Although higher frequencies of caesarean section and instrumental delivery were observed in pre-IIM births that occurred in women within 1--3 years before IIM diagnosis, this evidence was inadequate to make any suggestion on clinical practice but highlights the need for future research on the potential influence that early disease phase with pro-inflammation and symptoms of preclinical IIM may have on pregnancy.
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